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To the Editor:
In a recent issue of The Journal of Experimental Medicine, Thomas Rothstein and colleagues, a group with long-standing expertise in the field of mouse B1 cells, reported the description of a B1 B cell subset in human blood, a population that has thus far eluded identification .
Mouse B1 cells are the main constituents of the B lymphocyte pool in pleural and peritoneal cavities, and are characterized as CD5 + and/or CD11b + cells (Hardy, 2006; Baumgarth, 2011 ). However, CD5, which was initially identified on chronic lymphocytic leukemia tumors (Boumsell et al., 1978) , is not a B1 marker in humans. Human CD5 marks immature/transitional B cells in bone marrow, blood, and spleen (Sims et al., 2005; Cuss et al., 2006) , as well as in T cells. Mouse B1 cells are also described as IgM high IgD low CD43 + . The function of CD43 in B1 cells is unknown, and it is also expressed by T lymphocytes, B cell precursors, and plasma cells. described a CD20 + CD27 + CD43 + CD70
 subset present in adult and human cord blood with functional characteristics that they describe as typical B1 cell attributes: spontaneous IgM secretion, constitutive BCR signaling, and ability to drive allogeneic T cell proliferation. It should be noted that this last feature has been shown to be displayed by switched memory B cells in humans, likely because of the high expression of CD80 and/or CD86 on these cells (Liu et al., 1995; .
A striking point of the observations of was their quantitative aspect. Despite considerable variations between individual blood donors, the proportion of CD43 + cells among CD27 + B cells averaged 40-50% in adults, with a higher frequency in young individuals, and a lower frequency in the elderly. We find this puzzling, as these quantitative figures closely match the frequency of marginal zone-like (or IgM memory) B cells (Weill et al., 2009) . Therefore, we analyzed to what extent these two populations may superimpose.
CD43 + B cells appear as large cells that require a wide lymphocyte gate to be detected. In so doing, the risk of inclusion of cell doublets in the analysis/isolation is high. Usually, specific selective criteria on the cell flow (FSC-W, SSC-W) are applied to remove doublets, unless the morphological characteristics of the cell population justify such an omission. In such cases, careful controls are obviously required to avoid the confusion between cell doublets and large cells.
We added anti-CD3 antibodies to the staining reaction, as T cells are the major lymphocyte subset in human blood compared with B cells (95:5 Fig. 1 , B and C). These cells harbored either an IgD + or an IgD  phenotype and a somewhat heterogeneous CD38 intensity (Fig. 1 B) . 
We recently read with great interest an article in The Journal of Experimental Medicine from the laboratory of Thomas Rothstein . This paper described a new B cell population present in human cord blood and adult peripheral blood that displays functional characteristics shared with mouse B1 cells.
In contrast to B2 cells, B1 cells spontaneously produce IgM and are an important source of natural antibodies in the absence of antigen stimulation in mouse (Hayakawa et al., 1984; Sidman et al., 1986) . Human B1 cells were defined based on coexpression of CD43 and CD27 . In addition, human B1 cells were found to express CD20 and lack expression of CD69 and CD70. Notably, CD43 is also expressed on mouse B1 cells (Wells et al., 1994) , as well as on human bone marrow B cell precursors and plasma cells (MacMichael et al., 1987; Wikén et al., 1988) , whereas CD27 is generally regarded as a marker for memory B cells in humans (Agematsu et al., 1997; Tangye et al., 1998) . Furthermore, CD27 and CD43 are coexpressed on the majority of blood T cells and plasma cells (MacMichael et al., 1987) .
To gain further insight into the nature of CD27 + CD43 + B1 cells in humans, we developed a flow cytometric strategy to discriminate between CD27 + CD43 + B cells and CD27 + memory B cells in human blood (Berkowska et al., 2011) . Like Griffin et al. (2011), we systematically identified a CD27 + CD43 + subset within the CD19 + or CD20 + B cell population in neonatal cord blood (n = 4 samples), in the peripheral blood of children and adults (n = 27 samples), and in childhood tonsils (n = 7 samples; Fig. 1 , A-C). Their frequencies ranged from 1 to 25.5% of total CD19 + or CD20 + cells in blood (Fig. 1 D) , and from 0.3 to 3.7% of CD19 + cells in childhood tonsil (unpublished data). (Fig. 1, A-C) . Of the remaining CD3  CD27 + CD43 + cells, the majority showed high expression of CD38 (0.1-4.6% of CD19 + ). Coexpression of CD27 and high levels of CD38 is typically seen on plasma cells, as well as on germinal center cells and plasma cells in tonsil (Klein et al., 2003; van Zelm et al., 2007; Perez-Andres et al., 2010) . 
CD43
+ sort-purified populations are rare. In early work, we tested the function of B1 cells that were sort-purified from PBMCs without prior enrichment ; these CD20 + CD27 + CD43 + populations contain <3% CD3 + events (2.9 ± 0.66%; n = 3). In later work, we studied the function of B1 cells that were sort-purified from PBMCs after enrichment with anti-CD19 beads; these CD20 + CD27 +
+ populations contain <1% CD3 + events (0.57 ± 0.37%; n = 3; Fig. 1 a) . The existence of CD27 + CD43
+ coexpressing B cells seems irrefutable; single cells expressing CD19, CD27, and CD43, and single cells expressing CD20, CD27, and CD43, can be readily visualized as confocal microscopic images (Fig. 1 b) .
To discern the origin of the reported CD3 + events, we attempted to recreate the observations of PerezAndres et al. (2011) and Descatoire et al. (2011) . We reproduced the high frequency of double staining events observed by these investigators only by changing our usual protocol for cell preparation. When we reconstituted mononuclear cells at a relatively high concentration, we observed CD3 + events in the CD20 + CD27 + CD43 + gate. FSC-H/FSC-A discrimination decreased, but did not completely eliminate, CD3 + staining in that gate (Fig. 1 c) Descatoire et al. (2011) notes that in the human system allogeneic T cell stimulation has been ascribed to memory B cells ). However, CD20 + CD27 + B cells, historically considered memory B cells, fail to allogeneically stimulate T cells after removal of CD43-expressing constituents . Furthermore, doublets formed by naive B cells and T cells would not be expected to manifest T cell stimulatory capacity nor would their removal be expected to adversely affect any memory B cell function. This emphasizes in another way, through negative depletion, the existence of functionally distinct, CD43-expressing CD27 + B cells. Descatoire et al. (2011) (Jego et al., 2001 ), which we used to identify B cells in our study. Descatoire et al. (2011) raised the possibility that CD20
+ B cells might be activated cells on their way to plasma cell differentiation. We addressed this in our earlier work by showing that B1 cells do not express elevated levels of activation antigens, such as CD69 and CD70, and that culture of B1 cells with IL-6 for 5 d did not lead to loss of CD20 or acquisition of CD138 .
Both Perez-Andres et al. (2011) and Descatoire et al. (2011) state that after excluding CD3 + events, they indeed identified the phenotypically crimination (Fig. 1 d) . Over a range of cell concentrations, we documented an inverse correlation between cell concentration and the proportion of singlets as determined by FSC-H/ FSC-A, and a direct correlation between cell concentration and CD3 + events in the CD20 + CD27 + gate and in the CD20 + CD27 + CD43 + B1 cell gate (Fig. 1, e and f) . These results suggest that CD3 + events within CD20 + B cells by confocal microscopy and failed to identify single cells that express both CD3 and CD19 (unpublished data). We examined B cells by integrated flow cytometry/image microscopy and again failed to identify single cells marked by either CD19 or CD20 in combination with CD3. Although the possibility of rare B cells that express CD3 (Wang et al., 2009) or rare T cells that express CD20 (Yokose et al., 2001 ) cannot be entirely ruled out, these results indicate that such cells must be exceedingly rare. We conclude that CD19 + cells observed by Descatoire et al. (2011) , represent B:T doublets.
In our results, CD20 + CD27 + CD43 + B1 cells are individual single cells by post-sort analysis. The gating strategy that we have used, and continue to use, is displayed in Fig. 1 h. Virtually all (99.9%) events fell within a tight FSC-H/FSC-A discrimination gate, and virtually all (99.9%) events corresponded to single nuclei after DNA staining with Hoechst33342 when analyzed post-sort (unpublished data). In addition, we showed by direct visualization of Hoechst33342-stained nuclei that single cell-sorted CD20 + CD27 + CD43 + B1 cells deposited onto glass slides are individual single cells, with not a single doublet observed in over 1,000 cells examined (unpublished data). Thus, the B1 cell functions delineated in our previous work correspond to the characteris-
